Online file sharing has drastically changed the way in which bootleg music recordings are disseminated around the globe. These changes have provided increased opportunities for private collectors to accumulate very large collections of recordings, many of which have important historical significance. This paper sheds light on the underground dissemination of bootleg recordings by examining how digital music is being shared and by mapping the geographic distribution of online file sharers. In doing so, this paper situates online bootleg file sharing communities in light of the increasing challenges and opportunities for musicians, music collectors, and historic preservationists in the twenty-first century.
that the World Wide Web (WWW) has had on the dissemination of bootleg recordings.
Various definitions have been used through the years in attempts to differentiate the availability of "official" and "unofficial" music recordings. For the purposes of this paper the term "bootleg" refers to unofficial recordings (primarily live concert recordings, but also outtakes, radio and television appearances, etc.) that are not otherwise officially available in copyrighted form. This is in contrast to recordings that have been called "pirated" recordings which have been defined as officially released copyrighted material distributed without permission of record company or other copyright holder (Reinhart 1981; Schultheiss 1981; Shemel and Krasilovsky 1977) . While sometimes sold through official outlets such as Amazon.com, both bootleg and pirate recordings are primarily disseminated through unofficial or "underground" networks.
The very first bootleg recordings have been attributed to Lionel Mapleson, the so-called "father of bootlegging", who recorded performances at the New York Metropolitan Opera between 1901 and 1903 (Reinhardt 1981 . Through the years, changes in recording technology have provided increased opportunities for fans to record and disseminate bootlegs by providing better quality, more portability, and faster duplication. As bootlegs are by their very nature collector's items (Heylin 2003) , these advances in technology have provided ever-increasing opportunities for the preservation of historically significant recordings as well as the accumulation of very large discographies by private collectors.
Bootleg recording in the US reached a peak with the San Francisco band the Grateful Dead. Going so far as to provide a special taping section for fans at their concerts, the Grateful Dead integrated bootleg recording and dissemination via cassette tapes into their culture like no band had done before (and perhaps since). Since that time, numerous bands have followed this model. However, the advent of digital music recordings and dissemination via file sharing on the WWW has drastically changed the way in which bootlegs are disseminated. Although perhaps the historical significance of Grateful Dead bootleg recording has not been matched, certainly the quantity and speed of bootleg dissemination on the WWW has far surpassed anything done during the touring days of the Grateful Dead.
Today there are three primary ways in which bootlegs are disseminated on the WWW (Ward 2011a) . First, there are file hosting sites such as Rapidshare and Megaupload (prior to the recent shut down of the latter by the US government) that allow end users to upload music to a third party server for download by others. Second, there are direct connect Peer to Peer (P2P) file sharing software programs such as Soulseek and eMule that allow users to share files by directly connecting to other users computers. Third, there are decentralized P2P file sharing software programs such as uTorrent and Vuze that allow multiple users to connect their computers together in order to download pieces (or bits) of digital files from various users. These pieces are ultimately accumulated into a complete set of digital files. It has been estimated that P2P technology accounts for anywhere from 43-70% of all traffic on the Internet (Schulze 2009) . While all of the data being shared on P2P networks is not music, these numbers do give some idea of the incredible amount of change that digital technology and the WWW has meant for bootleg dissemination. Perhaps the most significant aspects of this is that when combined with advances in recording technology today practically anyone can record and disseminate a bootleg recording, and that with an internet connection, free software, adequate digital storage, and a few clicks of a mouse, anyone can accumulate a rather large bootleg collection.
(re)defining "discography"
In addition to changing the manner and speed in which bootleg recordings are disseminated, the WWW has led to other changes as well. One of the most interesting is the (re)definition of the term "discography" as it is related to the practice of collecting music recordings (Ward 2011a) . The traditional definition of discography can be found in Merriam Webster's online dictionary (2012) as "(1) a descriptive list of recordings by category, composer, performer(s), or date of release or (2) the history of recorded music". This idea of "discography as documentation" dates back at least to jazz record collectors in the 1940s (Morgenstern 2004) . However, file sharing on the WWW has led to a new definition for the term "discography". While this new definition hasn't been incorporated into "official" dictionaries yet, actual usage of the term with regard to file sharing to mean "the complete collection of recorded music of a specific artist" is reflected in the definition found on the Urban Dictionary (2012) website. I suggest that this change from "discography as documentation" to "discography as a collection" was brought about by the practices of file sharers on the WWW.
mapping online file sharers
In order to further investigate the dissemination of bootleg recordings on the WWW geolocation and geographic information systems (GIS) software was employed to examine and map the geographic distribution of online file sharers. Geolocation technology allows a website visitor's geographic location to be identified, thus allowing geographic patterns of online activity to be mapped using GIS technology. While locational identification can be done using various methods, Internet Protocol (IP) addresses are the most common (Muir and Oorschot 2009 ) and were used in this study. In addition, for this study IP addresses were used to determine location only to the country scale, providing anonymity to website visitors while allowing locations to be mapped with over 97% accuracy according to published statistics (Svantesson 2004, p. 111) . It is important to note that geolocation technology can be circumvented by other technologies such as anonymisers and proxy servers and thus the true accuracy of geolocation technology is in all likelihood less than the published rates (Svantesson 2007) . During the course of this study the Rolling Stones' unreleased live album from 1972-1973 was shared by someone on a decentralized P2P website. It was ulti-mately banned within thirty-three hours due to the recording coming from a King Biscuit Flower Hour broadcast, a venue from which the sharing of recordings is not allowed and a ban which this particular file sharing site honors. However, during the time the torrent file was being shared it was download 1834 times. From these a total of 789 country locations were obtained and mapped using GIS technology (Figure 1) . This map and the corresponding data reveal both the tremendous speed at which the WWW allows music to be disseminated around the globe, as well as a general pattern of downloading by country. In this case, it is clear that North America has the largest number of downloaders, followed by countries in Europe. Conversely, very little downloading activity was recorded for countries in South America or Africa.
In addition, another set of IP address data was collected from a series of file sharing websites. In this case data were not for a particular torrent file but for all visitors to the websites. More than 400,000 visitors were recorded from 180 different countries (Figure 2) . Once again the top downloading countries come from North America (United States and Canada) and Europe (United Kingdom, Netherlands, Germany, France, Spain, and Italy). These data also reveal that Brazil, Japan, Argentina, and Australia are countries with significant music downloading activity. 
conclUsion
In recent years the World Wide Web has played an ever-increasing role in the global dissemination of digital music recordings, presenting both challenges and opportunities for musicians, as well as music collectors and historic preservationists. While much of the music being shared on the WWW consists of official releases, an increasing amount of music shared on the WWW consists of bootleg recordings.
Online file sharing has drastically changed the way in which bootleg recordings are shared, as well as the rate at which they are disseminated. These changes have in turn provided increasing opportunities for private collectors to accumulate very large collections of digital bootleg recordings, many of which have important historical significance. As an example, using the WWW a music fan can now accumulate a collection of more than one hundred Miles Davis bootlegs from his pre-1976 career alone. From the European tours with John Coltrane to the numerous bootleg recordings with musicians who Miles played with but were never featured on official releases, these recordings provide opportunities to hear historically significant music performances. Also, as most Miles Davis live albums from the 1970s were released in heavily edited form, bootlegs allow fans to hear the music from this time period before studio editing took place. It should be noted however that bootlegs are also agents of mediation, in terms of recording quality, editing of the original recording, etc. In addition, as discussed above, the Grateful Dead were one of the first bands to openly allow fans to record and disseminate their concert performances. Today over 8000 different recordings of over 2000 Grateful Dead concerts are available for fans to listen to on the WWW, providing fans with access to one of the most comprehensive live performance archives in the history of music and allowing fans an opportunity to re-live concert experiences (Ward 2011b ). Many musicians have taken advantage of the opportunity to promote and disseminate their music by allowing fans to tape and trade their concerts. This is evidenced by the more than 4700 "taper friendly" bands that are currently available on the Internet Archive's Live Music Archive (Internet Archive 2012).
When examined closely other numbers related to bootleg dissemination are quite staggering. For example, on 13 February 2012 one popular bootleg sharing site had over 95,000 active users, almost 50,000 torrent files of concerts available (over 32,000 of which were being actively disseminated at the time), and 148 new torrent files had been added in the last twenty-four hours. In addition, the data collected during this study show visitors from at least 180 countries are actively engaged in downloading.
Taken as a whole, it is quite obvious the WWW has radically changed the manner and speed with which bootleg recordings are disseminated. Along with this increased access, dissemination of these recordings via the WWW has essentially removed profit-making opportunities from the realm of bootlegs. When combined with technology allowing practically anyone to produce a recording that can be disseminated for free from their home computer, it is easy to see how much the WWW has changed how bootlegs are produced and shared. There is now an incredible collection of bootleg recordings that are accessible to anyone with an Internet connection, providing great opportunities for the preservation of historical music recordings.
